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(UCM)Abstract Polycyclic aromatic hydrocarbons (PAHs) and aliphatic hydrocarbons (AHs) were ana-
lyzed in surface sediments collected from Suez till Hurgharda coasts to establish baseline levels for
various types of organic pollutants before the anticipated identiﬁcation of anthropogenic activities,
petrogenic and biogenic. AHs for all samples were dominated by unresolved complex mixture
(UCM), and petrogenic mixed with biogenic sources. Results also revealed that sedimentary PAHs
mainly originated from pyrolysis sources.
 2015 Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research Institute. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).1. Introduction
Petroleum hydrocarbons are the most common environmental
pollutants. Oil pollution may arise either accidentally or oper-
ationally whenever oil is produced, transported, stored, and
processed either offshore or onshore. Oil spills are a major
menace to the environment because they severely damage the
surrounding ecosystems and oil spills pose a great hazard to
terrestrial and marine ecosystems [1].
Sediments are deposited materials consisting of organic
matter, mineral matter and inorganic material of biogenic ori-
gin. They are an efﬁcient tool to identify environmental
impacts, due to the exposure time to industrial efﬂuents; they
are valid for long term studies [2,3]. They are considered to
be pollutant traps. Sediments may contain a high level of pol-
lutants ready to pass on to the food chain or be mobilized byanthropogenic or natural means, so they act as indicators for
the relationship between natural and anthropogenic variables
[4,5]. The retention capacity of sediment may be related to
its physicochemical properties, such as grain size and organic
matter. The accumulation of hydrocarbons is more likely to
occur in sediments where the water is shallow and the wave
and current action is minimal [6,7]. Petroleum input on sedi-
ments cause a massive kill of benthic organisms or bottom
community in the water environment. The concentrations
and types of hydrocarbons in sediments are used to detect pos-
sible effects on aquatic life. Oil in beaches is mobile and tends
to migrate down through sand. This movement is controlled
by sediment porosity, where the amount of oil retained in sed-
iments increases as grain size decreases until adsorption
becomes limited by surface tension effects [8].
Polycyclic aromatic hydrocarbons (PAHs) are one of the
most important classes of organic contaminants originating
from both natural (oil seeps, coal, and forest ﬁres) and anthro-
pogenic sources (incomplete combustion of fossil fuels, coke
ovens, domestic heating and so on). Over the past decades,





S1 S1 Sediment from onshore of El-Samaka
village
S1 Sediment oﬀshore of El-Samaka
village
S2 S2 Sediment onshore of Grand Hotel
S2 Sediment oﬀshore of Grand Hotel
S3 S3 Sediment from onshore of Mariuit
S3 Sediment oﬀshore of Mariuit
S4 S4 Sediment from onshore of Zeit Bay
S4 Sediment from oﬀshore of Zeit Bay
S5 S5 Sediment from onshore of Shuckhier
S5 Sediment from oﬀshore of Shuckhier
S6 S6 Sediment from onshore of Ras-Garib
S6 Sediment from oﬀshore of Ras-Garib
S7 S7 Sediment from onshore of Issran
S7 Sediment from oﬀshore of Issran
S8 S8 Sediment from onshore of Zafaran
S8 Sediment from oﬀshore of Zafaran
S9 S9 Sediment from onshore of Ain-
Sukhna
S9 Sediment from oﬀshore of Ain-
Sukhna
S10 S10 Sediment from onshore of El-Asmida
134 R.I. Abdallah et al.they have attracted great attention because of their toxicity,
carcinogenic and mutagenic properties [9,10].
Recent researches have shown that PAHs were predomi-
nantly derived from anthropogenic activities. Trafﬁc and coalFigure 1 Egyptian Red Sea coacombustion have been considered to be the two most impor-
tant sources in many areas [11].
Thus, the assessment of PAHs in coastal environments is of
great importance as these areas could receive considerable
amounts of pollutant inputs from land-based sources through
coastal discharges, which could potentially threaten the biolog-
ical resources [12].
In this study we quantiﬁed the content of (PAHs) and
(AHs) in the surface sediment of onshore and offshore
samples.
2. Materials and methods
2.1. Samples collection
Two groups of sediment samples were studied. The ﬁrst group
of samples was taken from under water (onshore), where the
samples were covered with water all the time, whereas the sec-
ond type of samples was taken from near shore sites (offshore).
These selected sediment samples were taken from different
areas, as shown in Table 1 and Fig. 1.
1. To 80–100 g of wet sediment in round bottomed ﬂask
100 ml methanol and 3 g potassium hydroxide were added.
2. The mixture was reﬂuxed for 1 h and 30 min then cooled to
room temperature.
3. The methanol was extracted twice with 25 ml n-heptane
then the extract was ﬁltered through anhydrous sodium
sulfate.
4. The volume was reduced to 0.5 ml.
5. The reduced volume was transferred quantitatively to a
glass vial.
6. The extracted oil was concentrated to approximately 0.2 ml
using dry nitrogen.st from Suez to Hurgharda.
Table 2 Oil content for sediment samples.












Pollution in sediments of the Egyptian Red Sea 1357. The oil content in the sediment was then determined after
removing the solvent till it reached a constant weight.Figure 2 Gas chromatogram for
Figure 3 Gas chromatogram forOil content ¼ Wt: of oil 10
6
Wt: of sediment
mg=L ½13; 142.2. Gas chromatographic analysis
Oils that were extracted from the studied sediment samples
were chromatographically analyzed according to IP 318 stan-
dard test method for analysis and testing of petroleum and
related production, 1993, using Agilent 6890 plus Gas chro-
matograph provided with ﬂame ionization detector under the
following conditions:
– Agilent 6890 plus, Gas chromatograph attached to comput-
erized system with chem station software condition of oper-
ation [15].
– Column: HP-5, 30 m, 0.25 mm ID, 0.25 lm ﬁlm thickness.
– Carrier gas: helium at ﬂow rate of 2 ml/min.extracted oil of sample ‘‘S1”.
extracted oil of sample ‘‘S01”.
Figure 4 Gas chromatogram for extracted oil of sample ‘‘S2”.
Figure 5 Gas chromatogram for extracted oil of sample ‘‘S02”.
136 R.I. Abdallah et al.– Injection: split (1:30) 0.1 ll.
– Oven temperature: initial temperature 80 C, 3 C/min up
to 300 C.
– Injector temperature: 300 C.
– Detector temperature: 325 C.
2.3. High performance liquid chromatographic analysis
(HPLC)
All extracted oils from the studied sediment samples were ana-
lyzed using HPLC technique [16]. HPLC: information about
the instrument used, and condition.Instrument: Water HPLC 600, Auto sampler 616 plus,
Dual Absorbance Detector 2487, attached to computerized
system with Millennium 32 software.
Condition for operation:
– Sample: 1 ll.
– Column: Supelcosil LC-PAHs. 15 cm.4.6 mm ID, 5 lm
particles.
– Mobile phase: acetonitrile:water 50:50 for 5 min
changed gradually to 100% acetonitrile in the near
25 min.
– Flow rate: 0–2 min, 0.2 ml/min, 2–45 min, 1.0 ml/min.
– Detector: U.V. 254 nm.
Figure 6 Gas chromatogram for extracted oil of sample ‘‘S3”.
Figure 7 Gas chromatogram for extracted oil of sample ‘‘S03”.
Figure 8 Gas chromatogram for extracted oil of sample ‘‘S4”.
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Figure 9 Gas chromatogram for extracted oil of sample ‘‘S04”.
Figure 10 Gas chromatogram for extracted oil of sample ‘‘S5”.
Figure 11 Gas chromatogram for extracted oil of sample ‘‘S05”.
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Figure 12 Gas chromatogram for extracted oil of sample ‘‘S6”.
Figure 13 Gas chromatogram for extracted oil sample ‘‘S06”.
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3.1. Oil content
The oil contents shown in Table 2 indicates that except for
samples Nos. 2, 5 and 8 the sediments taken from onshore,
are more polluted as compared with the other group. This is
logically expected due to repeated accidental oil pollution at
the shore line by the effect of tides that cover the shore and
then leave the oil to be adsorbed in the sand particles. Samples
8 and 9 have the highest oil content, (111 mg/g and 2612 mg/g),for the onshore samples and also for the offshore samples,
(203 mg/g and 125 mg/g). For samples Nos. 2, 5 and 8 the
oil content is higher in offshore samples than onshore samples.
The level of hydrocarbons in sediment is a function of several
conditions from which the sediment characteristics are of
major importance.
Knowledge of the hydrocarbon concentrations can be used
to detect the impacts to aquatic life. Petroleum inputs on sed-
iments cause massive kill of benthic organisms and if the oil
concentration exceeds 10.5 mg/g it will lead to long term
impacts [8]. Thus the results obtained as shown in Table 2
reveal that the contaminations with its different degrees may
Figure 14 Gas chromatogram for extracted oil of sample ‘‘S7”.
Figure 15 Gas chromatogram for extracted oil of sample ‘‘S07”.
Figure 16 Gas chromatogram for extracted oil of sample ‘‘S8”.
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Figure 17 Gas chromatogram for extracted oil of sample ‘‘S08”.
Figure 18 Gas chromatogram for extracted oil of sample ‘‘S9”.
Figure 19 Gas chromatogram for extracted oil of sample ‘‘S09”.
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Figure 20 Gas chromatogram for extracted oil of sample ‘‘S10”.
Table 3 GC parameters for vaporization and dissolution.
Sample <n-C17/T.alkane WR
Onshore Oﬀshore Onshore Oﬀshore
S1 0.0422 0.0042 0.523 5.442
S2 10.360 0.008 0.463 1.147
S3 0.026 0.025 1.721 1.580
S4 0.0029 0.0011 4.124 0.407
S5 0.0007 0.006 3.785 0.382
S6 0.0075 0.008 0.881 9.340
S7 0.0008 n.d. 2.541 0.672
S8 0.0024 0.0014 8.801 1.422
S9 0.0037 0.0008 1.636 5.344
S10 0.0025 – 1.181 –
142 R.I. Abdallah et al.endanger the life of the microorganisms present. Therefore the
environmental conservation efforts are still needed to be
strengthened [13].
3.2. Gas chromatographic analysis
Gas chromatographic analysis for the oil extracted from sedi-
ments is achieved for more detailed information. Chro-
matograms obtained in Figs. 2–20 show a regular pattern of
n-hydrocarbons easily distinguishable above unresolved com-
ponents (UCM), prevailing the presence of petroleum pollu-
tants. The chromatogram proﬁles are characterized by the
absence of low molecular weight hydrocarbons where in mostTable 4 Effect of weathering (biodegradation).
Sample n-C17/Pr n-C18/Ph T.n-alk
Onshore Oﬀshore Onshore Oﬀshore Onshor
S1 1.980 0.363 2.243 1.872 30.290
S2 2.622 3.910 2.323 0.480 46.24
S3 n.d n.d n.d n.d n.d
S4 n.d n.d n.d n.d n.d
S5 n.d n.d n.d n.d n.d
S6 1.387 2.370 2.243 1.496 931.70
S7 n.d n.d n.d n.d n.d
S8 n.d 0.223 n.d 1.153 n.d
S9 n.d n.d n.d n.d n.d
S10 3.272 – 0.712 – 1247.3samples n-C12 or n-C13 is the lowest molecular weight hydro-
carbon present, except in some offshore samples where the
lowest hydrocarbons are n-C14, n-C15, n-C16 and n-C18 in sam-
ples Nos. 8, 2, 5 and 7, respectively showing higher weathering.
Also the presence of a relatively large (UCM) hump with small
peaks shows the different degrees of weathering effects in all
samples [17,18].
The presence of a predominating peak of n-C25 except in
sample No. 1 (offshore) and No. 3 (onshore) indicates a bio-
genic contamination in the studied samples. Biogenic contam-
ination in sample (3) is due to the presence of predominant n-
C17. Most peaks are shown to be highly diminished showing a
microbial degradation especially in sample No. 3 (onshore),
No. 4 (on and offshore), No. 5 (on and offshore) [19].
Isoprenoids (pristane and phytane) are only detected in
samples Nos. 1, 2 and 6 (on and off-shore), sample No. 8
(off-shore) and sample No. 10 (on-shore) indicating higher
degree of weathering in all other samples.
3.2.1. Parameter detecting vaporization and dissolution
Vaporization and dissolution effects are detected by calculat-





C11  C22]. As shown in Table 3,
the ratio of <n-C17/total alkane ranges from 0.0007 to 10.36
in (onshore) samples Nos. 5 and 2 and from 0.0008 to 0.025
in (offshore) samples Nos. 9 and 3, respectively, also WR have
variable values showing different degrees of weathering. These
values range in case of (onshore) studied samples from (0.463
to 8.801) in sample Nos. 2 and 8, respectively, whereas/Pr T.n-alk/Ph T.n.alk/T.iso.alk
e Oﬀshore Onshore Oﬀshore Onshore Oﬀshore
87.780 56.730 163.54 0.780 0.850
47.91 31.860 31.300 1.073 1.945
n.d n.d n.d 3.563 1.213
n.d n.d n.d 1.820 5.250
n.d n.d n.d 9.570 1.604
419.40 156.07 507.52 1.568 2.720
n.d n.d n.d 9.585 2.360
651.82 n.d 525.20 14.640 3.830
n.d n.d n.d 1.540 3.780
– 157.35 – 6.820 –
Table 5 Parameters to predict biogenic and petrogenic origin.
Sample CPI CPI* U/R UCM%
Onshore Oﬀshore Onshore Oﬀshore Onshore Oﬀshore Onshore Oﬀshore
S1 1.530 0.363 1.220 0.267 5.35 2.40 84.36 70.61
S2 1.147 1.360 0.790 1.090 10.36 8.89 91.20 89.89
S3 42.147 2.99 4.100 1.995 0.42 4.75 8.74 82.604
S4 8.370 19.800 1.250 0.243 5.55 2.86 84.73 74.11
S5 22.426 28.799 0.920 1.770 0.60 4.00 37.35 80.00
S6 6.960 16.410 0.870 0.710 1.17 1.65 62.23 53.98
S7 29.851 14.960 1.650 0.600 0.83 1.89 45.50 65.42
S8 30.380 18.390 2.130 1.430 0.30 1.68 26.47 62.62
S9 11.350 13.117 1.480 1.370 2.19 2.13 68.64 68.05
S10 2.660 – 0.715 – 11.76 – 92.26 –
Note: n.d. = not detected.
CPI* = CPI value without the (n-C25 or n-C23) peak value.
Pollution in sediments of the Egyptian Red Sea 143(offshore) samples range from (0.382 to 9.340) in samples Nos. 5
and 6, respectively. These variations indicate various petro-
leum inputs at different times (some new and some old ones)
[20].3.2.2. Parameters detecting the degree of biodegradation
The degree of weathering mainly by biodegradation is of dif-
ferent values as shown in Table 4, where n-C17/Pr ranges from
(1.387 to 3.272) in samples Nos. 6 and 10 in (onshore) samples
in sequence S6 > S1 > S2 > S10, where as in case of (offshore)
samples this ratio ranges from 0.223 for sample No. 8 to 3.91
for sample No. 2 in the sequence S2 > S6 > S1 > S8.
Also the values obtained from n-C18/Ph varies in case of
(onshore) studied sites from 0.712 in sample No. 10 to 2.323
in sample No. 2 in the sequence S2 > S6 and S1 > S10, where
as for (offshore) studied samples this ratio ranges from 0.48 in
sample No. 2 to 1.872 in sample No. 1 in the sequence
S1 > S6 > S8 > S2 as shown in Table 4.
The variations in the ratios of total n-alkane/pristane and
total n-alkane/phytane, as shown in Table 4, are highly detect-
able which thus theoretically predict either the difference in the
weathering degrees due to different exposure times to the envi-
ronmental conditions or due to the different origins from
which the pollutants had been derived.
The degree of weathering, mainly by biodegradation is also
predicted from the ratio of n-alkanes to iso-alkanes, where this
ratio decreases by weathering. As shown in Table 4, the values
are ranging from (0.780 to 14.64) in (on-shore) samples. The
sequence of biodegradation weathering in samples is
(S1 > S2 > S9 > S6 > S4 > S3). Samples (S10, S5, S7 and S8)
have the highest values of this ratio, (6.82, 9.57, 9.59 and
14.64) respectively, which means the lowest biodegradation,
i.e., it may be recent discharges from the petroleum activities
present in these sites.
For the studied (offshore) samples this ratio leads to the fol-
lowing sequence of biodegradation S1 > S3 > S5 > S2 >
S7 > S6 > S9 > S8 > S4. No relation can be detected between
the on-shore samples from one hand and the off-shore samples
from the other hand.
3.2.3. Pollutants origin
As previously concluded the identiﬁcation of the origin of pol-
lutants, petrogenic or biogenic is correctly detected from theCarbon Preference Index (CPI*) where n-C25 is not calculated
in all samples except n-C17 for onshore S3. A value less than
unity suggests a mineral oil source. The results in Table 5 show
that these values are ranging from (0.715 to 4.100) for on-shore
samples and from (0.243 to 1.995) for off-shore samples indi-
cating that the contaminations are mainly due to petrogenic
origin mixed with biogenic hydrocarbons. A sample in the
studied site S3 showed the highest CPI
* value indicating a high
biogenic contamination which may be due to touristic activi-
ties. Also the off-shore studied sample of this site has the high-
est CPI* value (1.995).
Also the ratio of unresolved compounds to the resolved
(U/R) ones is used for the prediction of the origin of pollutants.
Where a value >4 predicts a petrogenic origin of pollutant,
while a value <4 shows a biogenic origin [21]. The values of
U/R in Table 5 range from 0.30 to 11.76 for on-shore studied
samples and from 1.65 to 8.89 for off-shore samples, which
conﬁrm the petrogenic origin mixed with biogenic origin.
Unresolved complex mixture (UCM) hump is a measure of
the extent of weathering. The values of UCM percent in
Table 5 reveal that all samples are highly weathered which
indicate that the governmental regulation succeeded to mini-
mize new hydrocarbon inputs especially in the touristic studied
sites.
3.3. Polyaromatic hydrocarbons fingerprint analysis
The polyaromatic hydrocarbons (PAHs) are a class of organic
priority pollutants ubiquitous in the aquatic ecosystems due to
their toxicity, low volatility, resistance to microbial degrada-
tion and adverse health effects (carcinogenic activity) depend-
ing on molecular weight and structure [22,23].
Due to this behavior their concentrations in sediments have
been widely studied.
 Table 6 and Figs. 21–33 show the concentrations of PAHs
(lg/g) in the studied samples. The results obtained show
that all samples suffer from weathering.
 For onshore samples S5, S3 and S1 have the lowest values
1.01, 18.16, and 23.97 lg/g, respectively. Sample S2 has
the highest PAHs content, (1513.27 lg/g), with predomi-
nance of ﬂuoranthene (1334.43 lg/g) and sample No. 4,
(682.15 lg/g), with predominance of dibenzo(a,h)an-
thracene (549.082 lg/g).
Table 6 The concentration of individual PAHs in sediment samples.
Ring No PAHS S1 S2 S3 S4 S5
On-shore Oﬀ-shore On-shore Oﬀ-shore On-shore Oﬀ-shore On-shore Oﬀ-shore On-shore Oﬀ-shore
2 Rings Naph. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Total n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
3 Rings Ace n.d. n.d. n.d. 52.23 n.d. n.d. n.d. n.d. n.d. n.d.
F 0.445 n.d. n.d. n.d. n.d. 0.872 n.d. n.d. 0.08 n.d.
Phe n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.12. n.d.
Ant n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Total 0.445 n.d. n.d. 52.23 n.d. 0.872 n.d. n.d. 0.20 n.d.
4 Rings Flu n.d. n.d. 1334.43 4.09 0.47 n.d n.d. n.d. n.d. 23.17
Pyr n.d. n.d. n.d. n.d. n.d. n.d. n.d n.d. n.d. n.d.
BaA n.d n.d. n.d. n.d n.d. 152.59 6.48 n.d. n.d. 82.98
Chr n.d.. n.d. 6.37 n.d.. n.d. n.d. 9.12 n.d. n.d. 44.53
Total n.d. n.d. 1330.8 4.09 0.47 152.59 15.60 n.d. n.d. 150.68
5 Rings BbF n.d. n.d. n.d n.d. n.d. n.d. n.d. n.d. n.d. 1.24
BkF n.d. n.d. 10.34 n.d. n.d. n.d 7.60 n.d. n.d. 126.75
BaP 19.84 n.d 50.04 n.d. 14.21 n.d.. 106.25 n.d. n.d. 240.08
BahA 3.68 n.d.. 107.74 23.85 3.48 n.d. 549.082 n.d. 0.81 341.78
Total 23.52 n.d. 168.12 23.85 17.69 n.d. 662.93 n.d. 0.81 709.85
6 Rings BF n.d n.d n.d. n.d n.d. n.d n.d. n.d. n.d. n.d.
IP n.d.. n.d. 4.35 n.d.. n.d. n.d. 3.62 n.d. n.d. 83.13
Total n.d. n.d. 4.35 n.d. n.d. n.d. 3.62 n.d. n.d. 83.13
P
PAHs 23.965 n.d. 1513.27 80.17 18.16 153.46 682.15 n.d. 1.01 943.66
Ring no PAHs S6 S7 S8 S9 S10
Onshore Oﬀshore Onshore Oﬀshore Onshore Oﬀshore Onshore Oﬀshore Onshore Oﬀshore
2 Rings Naph. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. –
Total n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. –
3 Rings Ace n.d. 81.87. n.d. n.d. n.d. n.d. n.d. 154.28 n.d. –
F n.d. 16.59. n.d. n.d. n.d. n.d. n.d. n.d. 1.89 –
Phe n.d. n.d. n.d. n.d. n.d. 10.76 n.d. n.d. n.d. –
Ant n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. –
Total n.d. 98.39 n.d. n.d. n.d. 10.76 n.d. 154.28 1.89 –
4 Rings Flu n.d. n.d. n.d. n.d. n.d. 90.16 n.d. n.d. 0.76 –
Pyr n.d. n.d. n.d. n.d. n.d. 59.82 n.d n.d. n.d.
BaA n.d n.d. n.d. n.d n.d. 6.95 n.d. n.d. n.d.
Chr n.d. 2.29 n.d. n.d. n.d. 4.88 n.d. n.d. 0.09
Total n.d. 2.29 n.d n.d. n.d. 161.34 n.d. n.d. 0.86 –
5 Rings BbF n.d. 0.70 n.d 5.44 n.d. 3.97 n.d. 1.25 n.d. –
BkF n.d. n.d. n.d. n.d. n.d. 10.14 n.d. n.d. 2.90
BaP n.d. 13.69 n.d. 70.81 n.d. n.d. n.d. n.d. 123.27
BahA n.d. 7.29 n.d. 54.82 n.d. 5.27 n.d. 22.44 n.d
Total n.d. 21.68 n.d. 131.07 n.d. 19.24 n.d. 23.69 128.17 –
6 Rings BF n.d n.d n.d. n.d n.d. n.d n.d. n.d. n.d. –
IP n.d. 4.06 n.d. 3.84 n.d. 1.38 n.d. n.d. n.d.
Total n.d. 4.06 n.d. 3.84 n.d. 1.38 n.d. n.d. n.d. –
P
PAHs n.d. 126.42 n.d. 131.91 n.d. 187.72 n.d. 177.97 130.92 –
n.d. = not detected.
144 R.I. Abdallah et al. Samples 6, 7, 8 and 9 are characterized by the absence of
PAHs. For the 5 member rings only samples S2 and S4 con-
tain three PAHs [benzo(k)ﬂuoranthene, benzo(a)pyrene
and dibenzo(a,h)pyrene] with the predominance of the last
one in S4 (549.082 lg/g). Sample S3 contains benzo(a)pyr-
ene (14.21 lg/g) and dibenzo(a,h)pyrene (3.48 lg/g) while
S10 contains both benzo(k)ﬂuoranthene and dibenzo(a,h)
pyrene. Benzo(b)ﬂuoranthene is absent in all samples. Indeno(1,2,3-cd)pyrene is the only six membered ring pre-
sent in samples S2 and S4 at low concentrations, (4, 35
and 3.62 lg/g, respectively).
 In case of offshore samples, PAHs are not detected in sam-
ples S1 and S4. The amounts of PAHs present in the other
samples range from 126.43 to 943.68 lg/g. The highest
value is present in sample S5 where the HPAHs are the only
aromatic compounds present. They have high carcinogenic
Figure 21 HPLC chromatogram of sample No. ‘‘S1”.
Figure 22 HPLC chromatogram of sample No. ‘‘S4”.
Pollution in sediments of the Egyptian Red Sea 145effect and show that the samples suffer high weathering
effects.
 Tri-aromatic rings are absent in S1, S4, S5 and S7 (offshore)
samples. Acenaphthylene is present in S2, S6 and S9
(52.23, 81.87 and 154.28 lg/g), respectively, as
predominant PAHs. Fluorene is present only in S3
(0.872 lg/g) and in S6 (16.39 lg/g) but phenanthrene is in
S8 (10.76 lg/g).
 Tetra-aromatic rings are absent in S7 and S9. Sample S8 is
characterized by the presence of four PAHs, having tetra-
aromatic rings with the predominance of ﬂuoranthene
(90.15 lg/g). Benzo(a)anthracene is also detected in S3, S5and S8, (152.58, 82.9 and 6.95 lg/g). Fluoranthene is
detected in S2 and S5 (4.09 and 23.17 lg/g). Chrysene is pre-
sent in S5, S6 and S8 with a high value in S5 (44.53, 2.29 and
4.88 lg/g), respectively.
 Penta-aromatic rings PAHs are absent in sample S3, they
have the highest value in sample S5, (709.85 lg/g). Benzo
(b)ﬂuoranthene is present in S5, S6, S7, S8, and S9 in
trace amount ranging from 0.703 to 5.44 lg/g. Benzo(k)ﬂu-
oranthene is present in samples S5 and S8 with the highest
concentration in S5 (126.75 lg/g). Benzo(a)pyrene is
present in S5, S6 and S7 with high concentration in S5
(240.08 lg/g).
Figure 23 HPLC chromatogram of sample No. ‘‘S2”.
Figure 24 HPLC chromatogram of sample No. ‘‘S2”.
Figure 25 HPLC chromatogram of sample No. ‘‘S3”.
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Figure 26 HPLC chromatogram of sample No. ‘‘S3”.
Figure 27 HPLC chromatogram of sample No. ‘‘S5”.
Figure 28 HPLC chromatogram of sample No. ‘‘S5”.
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Figure 29 HPLC chromatogram of sample No. ‘‘S6”.
Figure 30 HPLC chromatogram of sample No. ‘‘S7”.
Figure 31 HPLC chromatogram of sample No. ‘‘S8”.
148 R.I. Abdallah et al.
Figure 32 HPLC chromatogram of sample No. ‘‘S9”.
Figure 33 HPLC chromatogram of sample No. ‘‘S10”.
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S5, S6, S7, S8 and S9, ranging from (5.27 to 341.78 lg/g) with
the highest value in S5.
Indeno(1,2,3-cd)pyrene, is the only, six aromatic ring com-
pound present. Its values range from (1.38 lg/g for S9), to
(83.13 lg/g in S5) [24].
3.3.1. Polyaromatic hydrocarbons and pollutants’ origin
PAHs of the coastal sediments are due to both anthropogenic
and natural sources. Among anthropogenic factors, petrogenic
and pyrogenic sources are the most important. Although
somewhat controversial, the aromatization of cyclic com-
pounds could be a further source of PAHs. Perylene is a good
example of a PAH substance of biological origin found in both
marine and fresh water sediments [25,26].
Where ﬂuoranthene(Flu)/pyren(Pyr) [as pyrolytic sources
include combustion processes (e.g. fossil fuel combustion, for-
est ﬁres, shrub and grassﬁres), the petrogenic input is closelyrelated to petroleum products (e.g. oil spill, road construction
material).
The former inputs (anthropogenic combustions) are largely
prevalent in aquatic environments. Again, PAHs from pyroly-
tic and petrogenic sources exhibit different chemical behavior
and distribution in marine sediments. In particular, PAHs
from pyrolytic processes are more strongly associated with sed-
iments and much more resistant to microbial degradation than
PAHs of petrogenic origin [10,27]. Numerous studies
[11,26,28,29] demonstrated that organic matter plays a crucial
role in the sorption of PAHs on to marine sediments. The use
of ratios of PAHs of the same molecular mass is a well estab-
lished method for interpreting PAHs composition and estab-
lishing its sources and diagenesis [30,31]. The interest in these
indices is based on the fact that PAH distribution is governed
by thermodynamics in low temperature processes such as the
formation of petroleum. In contrast, kinetic factors are pre-
dominant in high temperature processes e.g. the pyrolysis of
Table 7 Pyrolytic and petrogenic origin of polycyclic aromatic hydrocarbons (PAHs).
Origin LPAHs
HPAHs
Phe/Ant Flu/Pyr BaA/Chr Chr/BaA
Pyrolytic origin Low <10 >1 >0.9 <1
Petrogenic origin High >15 <1 <0.4 >1
References [37,38] [24,34,35] [11,24,30,32] [24,36] [24,36]
150 R.I. Abdallah et al.organic matter. Hence the PAH isomeric distribution is
temperature-dependent depending on the temperature of pro-
cesses that generated such compounds. Different criteria were
adopted in order to substantiate the origin of PAHs in marine
sediments. In particular, the ratios of alkylated/nonalkylated
PAHs, phenanthrene(Phe)/anthracene(Ant) and ﬂuoranthene
(Flu)/pyren(Pyr) [11,24,30,32] were used to make hypotheses
on the nature of process that have generated these hydrocar-
bons in the studied matrices. In particular, PAHs of petrogenic
input are generally characterized by a high phenanthrene(Phe)/
anthracene(Ant) ratio [33], where as high levels of ﬁve- and
four-ring hydrocarbons are distinctive of mixture formed by
the combustion of fossil fuels [24,34,35].
The results obtained in Table 6 shows the absence of
phenanthrene, anthracene, ﬂuoranthene and pyrene in the
majority of samples. The phenanthrene(Phe)-to-anthracene(Ant)
and ﬂuoranthene(Flu)-to-pyrene(Pyr) ratios allow us to
detect the source of contamination. Hence ratios of Phe/
Ant < 10 and Flu/Pyr > 1 indicate contamination due to
pyrolytic origin [24] as said before. It is important to note that
both ratios could not be calculated for every sample. Also
the result shows that the contamination in S8 (off-shore) is
mainly of pyrolytic origin as the ratio of Flu/Pyr is equal to
(1.507).
It has been suggested that a ratio of benzo(a)anthracene/
chrysene (BaA/Chr) > 0.9 indicates pyrolytic sources while a
value 60.4 suggests a petrogenic origin [24,36] as shown in
Table 7. Thus sample S4 (onshore) has a value (0.71) indicating
petrogenic contamination, while the ratios of (1.82 and 1.42)
for samples S5 and S8 (off-shore) conﬁrm the presence of PAHs
of pyrolytic origin.
Lower molecular weight compounds (LPAHs) are abun-
dant in petrogenic (PAHs), which can easily undergo weather-
ing as compared to the higher molecular weight (HPAHs).
Thus attention has been paid to the distribution of low and
high molecular weight (PAHs) as a reliable tool for the origin
of (PAHs). Studies have shown that high (
P
LPAHs/P
HPAHs) ratios >1) often indicate (PAHs) with petrogenic





ratios suggest PAHs of pyrolytic origin [37,38]. So samples





values (0.015, 0.019 and 024) respectively, samples S8 and S3
(off-shore) (0.0590 and 0.06) indicate that the PAHs are of
pyrolytic sources.
The PAHs found in the sediment samples from some other
locations samples S2, S6 and S9 (offshore) having values (1.87,
1.84 and 6.51) respectively were primarily caused by petrogenic
contaminations.
In general no more than two criteria are used to determine
possible sources because using more criteria can lead to differ-
ent and ambiguous interpretation of the results [39,40].4. Conclusions
 This study provides important information on PAHs and
AHs in surface from Suez to Hurgharda.
 This study showed that the PAHs are of pyrolysis sources in
some samples S08 and S
0





9 (offshore) were of petrogenic source
contamination.
 The study of AHs shows the presence of petroleum pollu-
tion with different degrees of weathering effects in all sam-
ples, mixed with biogenic hydrocarbons due to the touristic
activities; also high weathering indicates that the govern-
ment regulation succeeded to minimize new hydrocarbon
inputs.
 Regular monitoring of the Red Sea shore area studied is
suggested in order to determine if any dumping activities
have occurred in this area.References
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